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PROJECTOR APPARATUS 

BACKGROUND OF THE INVENTION 

A liquid crystal projector that modulates illuminating 
light With a speci?ed image signal using a liquid crystal 
display and Which magni?es and projects the modulated 
light onto a screen is conventionally knoWn (e.g., see 
Japanese Laid Open Patent Application H9-33881). 

It is desirable to have the projection lens used With a 
liquid crystal display be approximately telecentric on the 
reducing side of the projection lens, as the liquid crystal 
display requires that the light illuminating its back side be 
orthogonal to the surface of the display for proper operation 
of the display. In the case Where such a liquid crystal display 
is used With a projection lens that is not telecentric on the 
reducing side, there is unnecessary reduction in the amount 
of light in the periphery of the displayed image. 

In recent years, color liquid crystal projectors Which can 
accept projection lenses With different focal lengths to 
enable various kinds of presentations to be given have been 
in demand. Improvement in the image quality as Well as a 
reduction in cost of the equipment has been desired. Further, 
on-axis chromatic aberration of the projection lens, resulting 
in deviations in the imaging position among different color 
components, has been a cause of image degradation using 
color liquid crystal projectors. 

Because the reduction side of a projection lens for use 
With liquid crystal displays that modulate each of three color 
components of a color image is usually made to be approxi 
mately telecentric, on-axis chromatic aberration is com 
monly corrected by adjusting the distance from each liquid 
crystal display to the screen. If hoWever, the projection lens 
is changed to one having a different focal length, the on-axis 
chromatic aberration occurs aneW. Moreover, if the lens is 
changed to a telescopic lens having a long focal length, the 
on-axis chromatic aberration Will not be tolerable in the 
displayed image. Although a method exists Which corrects 
for chromatic aberration by using an abnormal dispersion 
glass in the projection lens, a large cost increase results When 
this method is used, making it dif?cult to satisfy the demand 
for reducing the cost. 

In the TV camera ?eld, a TV camera is knoWn Where a 
correction plate is arranged facing against a prism surface 
and aberrations are corrected by this correction plate (see 
Japanese Laid Open Patent Application 53-74319). 
HoWever, in this type of TV camera optical system, the 
reduction side of the lens doesn’t have to be approximately 
telecentric as in the projector apparatus of the present 
invention, making the concept of on-axis chromatic aberra 
tion correction completely different. 

BRIEF SUMMARY OF THE INVENTION 

A ?rst object of the present invention is to provide a 
projector apparatus that can correct on-axis chromatic aber 
ration of a projection lens easily at a loW cost. A second 
object of the invention is to enable on-axis chromatic 
aberration to be easily corrected at loW cost even in the case 
of a projector apparatus that alloWs projection lenses of 
different focal lengths to be interchanged for the purpose of 
changing the magni?cation or vieWing format. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description given beloW and the accom 
panying draWings, Which are given by Way of illustration 
only and thus are not limitative of the present invention, 
Wherein: 
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2 
FIG. 1 shoWs the structure of a projector apparatus 

according to Embodiment 1; 
FIG. 2 shoWs the structure of a portion of a projector 

according to Embodiment 2, the other portions of the 
projector being identical to that shoWn in FIG. 1; and 

FIG. 3 shoWs the structure of a portion of a projector 
according to Embodiment 3, the other portions of the 
projector being identical to that shoWn in FIG. 1. 

DETAILED DESCRIPTION 

This invention relates to a projector apparatus that uses 
optical modulators, such as a liquid crystal displays, to 
impart image information onto a screen. Speci?cally, it 
relates to a projector apparatus Where three primary color 
light beams (hereinafter referred to as components or com 
ponent beams) that are given image information by respec 
tive optical modulators are synthesiZed by a beam combin 
ing optical system, such as a dichroic cross-mirror type 
prism, and Wherein the combined light beam is enlarged and 
projected onto a screen by a projection lens designed to 
receive illuminating light on its reducing side that is 
approximately telecentric. 
The projector of this invention is equipped With three 

optical modulators Which are each positioned to modulate a 
respective one of three color components, such as red, green, 
and blue. Each respective optical modulator imparts image 
information for a respective color component according to 
an input image signal for that color component. A beam 
combining optical system, such as a dichroic cross-mirror 
type prism combines the differently colored component 
beams, and a projection lens designed to be illuminated by 
light on its reducing side that is approximately telecentric 
enlarges the combined beam and projects it onto a screen. A 
transparent plate, Which can correct the on-axis chromatic 
aberration of the projection lens, is arranged betWeen the 
beam combining optical system and at least one of the 
optical modulators. 

Also, it is possible to construct the projector such that the 
transparent plate is arranged along the path of only one of 
the component beams, such as betWeen the optical modu 
lator that modulates red light, for example, and the beam 
combining optical system. It is preferred that the transparent 
plate consists of a glass plate having sides that are planar and 
parallel. Furthermore, it is desirable that the projector appa 
ratus be constructed so that the transparent plate may be 
easily replaced either using a transparent plate having the 
same index of refraction and a different thickness, or by a 
transparent plate having a different index of refraction. 

Three different embodiments of the projector of the 
present invention Will noW be described With reference to 
the draWings. 

EMBODIMENT 1 

FIG. 1 shoWs the construction of a liquid crystal projector 
apparatus according to Embodiment 1. As shoWn in FIG. 1, 
the projector apparatus includes: an emitter 1 that emits 
White light and a re?ector 2, such as a parabolic mirror to 
re?ect the White light from the emitter 1; an integrator 3, 
formed of lenticular lens arrays 3A and 3B, Which homog 
eniZes the light emitted from the emitter 1 throughout a cross 
section perpendicular to the optical axis; a condenser lens 4 
to collect the output light from the integrator 3; a ?rst 
dichroic mirror 5 and a second dichroic mirror 6, to separate 
the White light collected by the condenser lens 4 into three 
color components, such as blue, green, and red; a ?rst liquid 
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crystal display 7, a second liquid crystal display 8, and a 
third liquid crystal display 9, each to modulate a respective 
color component With image information; a beam combining 
prism 10 to combine the separately colored components that 
have been modulated With image information by the respec 
tive liquid crystal display; and a projection lens 11 to form 
an image on a screen (not illustrated) using the combined 
beam. Arranged on the light path betWeen the integrator 3 
and the condenser lens 4 is an optional total-re?ection mirror 
12 Which folds the beam, alloWing the projector to be more 
compact. 
When the re?ector 2 is a parabolic mirror, the parabolic 

mirror is positioned With its focal point at the emission 
source of the emitter 1. With such an arrangement, the 
parabolic mirror re?ects part of the White light ?ux emitted 
from the emitter 1 in the backWard direction so as to travel 
in the forWard direction approximately parallel to the optical 
axis L0. 

The integrator 3 is equipped With ?rst lenticular lens array 
(i.e, ?y’s eye lens) 3A to operate on the light ?ux from the 
emitter 1, and a second lenticular lens array 3B to superim 
pose each light ?ux from the ?rst lenticular lens array 3A 
onto each of the liquid crystal displays 7, 8, and 9. Thus, the 
light is homogeniZed throughout a plane normal to the 
optical axis. Also, on the rear side of the second lenticular 
lens array 3B, a polariZing beam splitter (hereinafter PBS) 
13 is installed to separate the light ?ux homogeniZed by the 
integrator 3 into P-polariZed light and S-polariZed light, and 
to convert both polariZations to a single polariZation. The 
fact that the beam from the emitter 1 that is re?ected by the 
parabolic mirror is approximately collimated serves to 
lessen the reduction in brightness of the projected image in 
the peripheral regions of the image. 

There are numerous Ways of using color selective mirrors, 
such as a ?rst dichroic mirror 5 and a second dichroic mirror 
6, to separate different color components of the incident 
light, depending on the re?ection characteristics of the color 
selective mirrors and their arrangement. As one example, in 
this embodiment a ?rst dichroic mirror 5 separates the light 
?ux homogeniZed by the integrator 3 and linearly polariZed 
by the PBS 13 into a blue component LB and the remainder 
components (combined components LG and LR). The sec 
ond dichroic mirror 6 separates the combined components 
LG and LR into the green component LG and the red 
component LR. Each color component is then projected onto 
a respective liquid crystal display 7, 8, or 9 Where each beam 
is modulated With image information for that color. 
As shoWn in FIG. 1, on the light path of the blue 

component LB (formed by being re?ected by the ?rst 
dichroic mirror 5) are arranged a ?rst mirror 14 to totally 
re?ect the blue component, and a ?eld lens 15 to collimate 
the light re?ected by the ?rst mirror 14. Then the blue 
component LB is incident orthogonally onto the ?rst liquid 
crystal display 7, Which spatially modulates the blue com 
ponent according to the blue colors of a multicolor image to 
be displayed. 

Also, as shoWn in FIG. 1, on the light path of the green 
component LG (formed by being re?ected by the second 
dichroic mirror 6) is arranged a ?eld lens 16 to collimate the 
green component LG. The green component LG is then 
incident orthogonally onto the second liquid crystal display 
8 Which spatially modulates the green component according 
to the green colors of a multicolor image to be displayed. 

And, as shoWn in FIG. 1, on the light path of the red 
component LR (formed by being transmitted through the 
second dichroic mirror 6) are arranged a second mirror 17 
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4 
and a third mirror 18 to totally re?ect the red component LR. 
Field lenses 19 and 20 serve to collimate the red component 
LR so that it can be made orthogonally incident onto the 
third liquid crystal display 9 Which spatially modulates the 
red component according to the red colors of a multicolor 
image to be displayed. 
Of the three light paths in the projection optical system, 

only the red component LR has a different light path length 
from the emitter 1 to the beam combining prism 10. BetWeen 
the second mirror 17 and the third mirror 18, is arranged a 
relay lens 21, and this relay lens 21 makes a correction so 
that the apparent distance of the emitter 1 is the same for all 
light paths. 
The beam combining prism 10 is a cross-mirror type 

prism Which has a dichroic mirror 10B to re?ect the blue 
component LB and a dichroic mirror 10R Which re?ects the 
red component LR. In the liquid crystal projector, the 
projection lens 11 is exchangeable. For example, any of 
three lenses having a short-focus, a medium-focus, or a 
long-focus can be attached depending upon the magni?ca 
tion desired in the displayed image. 

In a liquid crystal projector of the knoWn prior art, on-axis 
chromatic aberration is corrected by adjusting each of the 
respective distances from the liquid crystal displays 7, 8, and 
9 to the projection lens 11. Because the reduction side of the 
projection lens is made to be approximately telecentric, no 
problem arises even if each distance from a particular liquid 
crystal display to the projection lens is different. HoWever, 
from such an adjusted state, if the projection lens 11 is 
changed to one Which has a different focal length, on-axis 
chromatic aberration occurs aneW. When the projection lens 
is changed to one having a long focal length, i.e., a tele 
scopic lens, the occurrence of on-axis chromatic aberration 
Will be so severe that it can’t be ignored. 

Because it is dif?cult to perform adjustment of the dis 
tance from each liquid crystal display to the projection lens 
every time the projection lens 11 is replaced With one of a 
different focal length, it is desirable to adopt a different 
method of suppressing the occurrence of on-axis chromatic 
aberration. When a standard projection lens 11 (i.e., the one 
of medium focal length) is attached, no parallel-plane glass 
plates or parallel-plane glass plates 27, 28, and 29 having an 
identical thickness (e.g, 1 mm) are inserted, but When the 
projection lens 11 is exchanged to one having a longer or 
shorter focal length, the thickness of at least one of the 
parallel-plane glass plates 27, 28, and 29 is changed. The 
apparent distance from the light emitter 1 to the beam 
combining prism 10 decreases as the thickness of the 
parallel-plane glass plate increases. The ideal thickness T1 
of each of the parallel-plane glass plates 27, 28, and 29 to be 
inserted into the system is expressed by the folloWing 
equation: 

T1=TO—(H><N) Equation (1) 

Where 

T0 is the thickness of the parallel-plane glass plate When 
the standard projection lens (medium focal length) is 
attached, 

H is the amount of on-axis chromatic aberration needed to 
correct the image, and 

N is the refractive index of the parallel-plane glass plate. 
As an example, When T0 is 1.0 mm, the refractive index 

N of the parallel-plane glass plate is 1.52, and the amount H 
of on-axis chromatic aberration to correct the image is +0.15 
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mm, T1=0.772 mm is obtained using Equation 1. Thus the 
thickness of the parallel-plane glass plate needed is 0.772 
mm, in lieu of the parallel-plane glass plate of 1 mm In this 
example, positive chromatic aberration is corrected. When 
correcting negative chromatic aberration, the parallel-plane 
glass plate of 1 mm should be replaced With a thicker plate, 
contrary to the above case Where a thinner plate is used. 
Alternatively, no plate (i.e, T0=0.0) may be used for the 
standard lens, but only Where negative chromatic aberration 
is encountered using the projection lens(es) of different focal 
length, thereby reducing the number of plates needed and 
making the correction plate(s) for the replacement projection 
lens(es) to be thinner. 

Although in this embodiment a parallel-plane glass plate 
made of the same material is used, in this case of the 
identical glass Wherein the index of refraction is identical for 
each transparent plate, the materials of the transparent plates 
may be selected at Will by those of ordinary skill in the art, 
so long as the thickness in the above formula is adjusted for 
the change in refractive index of the neW material, according 
to the formula: 

T1=((TO/N)_H)XN1) Equation (2) 

Where N1 is the refractive index of the neW material. 

EMBODIMENT 2 

This embodiment is shoWn in FIG. 2, Wherein only the 
optical components near the beam combining prism are 
shoWn, as there is no difference in the remaining compo 
nents from those shoWn in Embodiment 1. This embodiment 
differs from that shoWn in FIG. 1, in that parallel-plane glass 
plates 37, 39 are inserted into only tWo of the three com 
ponent beams (red and blue, for example). In this 
embodiment, on-axis chromatic aberration can be corrected 
for three components by using a lens designed to image one 
of the color components and by using a parallel-plane glass 
plate to correct the on-axis chromatic aberration for the other 
tWo color components. Or, correction of on-axis chromatic 
aberration can be accomplished for only the tWo color 
components having the greater in?uence by simply using 
tWo parallel-plane glass plates, as illustrated. It is also 
desirable that the holders for the plane-parallel glass plates 
(not shoWn) be such that plates of different thickness can be 
used. In this manner, When changing the projection lens to 
one having a different focal length, the correction plate can 
be replaced in each component beam in Which a correction 
plate is used With another correction plate of proper thick 
ness to correct the on-axis chromatic aberration for the 
projection lens being used. 

EMBODIMENT 3 

This embodiment is shoWn in FIG. 3, Wherein only the 
optical components near the beam combining prism are 
shoWn, as there is no difference in the remaining compo 
nents from those shoWn in Embodiment 1. This embodiment 
differs from that shoWn in FIGS. 1 and 2 in that a parallel 
plane glass plate is inserted into only one of the three 
component beams (red or blue, for example). Thus, correc 
tion of on-axis chromatic aberration using a parallel-plane 
glass plate can be performed for only the color component 
having an especially large on-axis chromatic aberration. Or, 
on-axis chromatic aberration can be corrected for tWo com 
ponents by using a lens designed to correct for a speci?ed 
color component and by using a parallel-plane glass plate to 
correct for one of the other color components. When the 
parallel-plane glass plate is used to correct for only one color 
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6 
component, it is generally most effective if the parallel-plane 
glass plate 49 is inserted in the red component beam. This is 
because it is more dif?cult to design a lens that removes 
on-axis chromatic aberration for polychromatic light in the 
case Where the polychromatic light includes red compo 
nents. It is also desirable that the holder (not illustrated) for 
the plane-parallel glass plate be such that plates of different 
thickness can be substituted. In this manner, When changing 
the projection lens to one having a different focal length, the 
correction plate can be replaced by another of proper thick 
ness to correct the on-axis spherical aberration for the 
projection lens being used. 
As explained above, in the projector of this invention, a 

transparent plate that corrects on-axis chromatic aberration 
of at least one of the component beams is arranged betWeen 
the optical modulator for that color component and the beam 
combining optical system. Therefore, When replacing the 
projection lens With one of a different focal length, one may 
replace a single transparent plate having a different thick 
ness. In this Way on-axis chromatic aberration can be 
suf?ciently corrected at loW cost compared to using an 
achromatic lens that corrects for all color components. Or, 
alternatively, a plane-parallel glass plate can be used in each 
of tWo beams to correct each of tWo component beams, 
leaving the third component beam uncorrected or corrected 
by using a projection lens designed to image at the Wave 
length of the other component. 
The invention being thus described, it Will be obvious that 

the same may be varied in many Ways. For example, 
although a parallel-plane glass plate is used as the transpar 
ent plate in the above embodiments, plates made of other 
transparent materials such as plastic, etc., can be used 
instead. Also, it is possible to employ a different modulator 
than a liquid crystal display, such as a digital mirror device, 
deformable mirror device, etc. Such variations are not to be 
regarded as a departure from the spirit and scope of the 
invention. Rather the scope of the invention shall de?ned as 
set forth in the folloWing claims and their legal equivalents. 
All such modi?cations as Would be obvious to one skilled in 
the art are intended to be included Within the scope of the 
folloWing claims. 
What is claimed is: 
1. A projector apparatus comprising: 
three optical modulators, each for modulating a different 

color component light beam With image information for 
said color component; 

a beam combining optical system Which synthesiZes the 
output from the three optical modulators into a com 
bined beam; 

a projection lens that is approximately telecentric on its 
reduction side and Which magni?es and projects the 
output from the beam combining optical system onto a 
screen; and 

a transparent plate, positioned betWeen an optical modu 
lator for at least one of the different color component 
light beams and the beam combining optical system, 
said transparent plate being of a thickness to correct the 
on-axis chromatic aberration that occurs for the color 
component in Which said plate is positioned, Wherein 
only one transparent plate is provided, and said plate is 
positioned betWeen an optical modulator that modu 
lates red-colored light and said beam combining optical 
system. 

2. The projector apparatus of claim 1, Wherein said 
transparent plate is a parallel-plane glass plate. 

3. The projector apparatus of claim 1, Wherein said optical 
modulator is a liquid crystal display. 
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4. The projector apparatus of claim 2, wherein said optical 
modulator is a liquid crystal display. 

5. A projector apparatus comprising: 
three optical modulators, each for modulating a different 

color component light beam With image information for 
said color component; 

a beam combining optical system Which synthesiZes the 
output from the three optical modulators into a com 
bined beam; 

a projection lens that is approximately telecentric on its 
reduction side and Which magni?es and projects the 
output from the beam combining optical system onto a 
screen; and 

a transparent plate, positioned betWeen an optical modu 
lator for at least one of the different color component 
light beams and the beam combining optical system, 
said transparent plate being of a thickness to correct the 
on-axis chromatic aberration that occurs for the color 
component in Which said plate is positioned, said 
apparatus constructed so that said transparent plate is 
replaceable With another of a different thickness or 
index of refraction When a different projection lens is 
used. 

6. The projector apparatus of claim 1, said apparatus 
constructed so that said transparent plate is replaceable With 
another of a different thickness or index or refraction When 
a different projection lens is used. 

7. A projector apparatus comprising: 
three optical modulators, each for modulating a different 

color component light beam With image information for 
said color component; 

a beam combining optical system Which synthesizes the 
output from the three optical modulators into a com 
bined beam; 
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a projection lens that is approximately telecentric on its 

reduction side and Which magni?es and projects the 
output from the beam combining optical system onto a 
screen; and 

a transparent plate, positioned betWeen an optical modu 
lator for at least one of the different color component 
light beams and the beam combining optical system, 
said transparent plate being of a thickness to correct the 
on-axis chromatic aberration that occurs for the color 
component in Which said plate is positioned, said 
apparatus constructed so that said transparent plate is 
replaceable With another of a different thickness or 
index of refraction When a different projection lens is 
used. 

8. The projector apparatus of claim 2, said apparatus 
constructed so that said transparent plate is replaceable With 
another of a different thickness or index of refraction When 

a different projection lens is used. 
9. A method of suppressing on-axis chromatic aberration 

in a projector having projection lenses of different focal 
length Which may selectively be used to display a color 
image at a selected magni?cation, said method comprising: 

(a) providing at least one parallel-plane transparent plate 
in a component beam prior to combining different 
component beams to form a combined beam; 

(b) changing said at least one parallel-plane transparent 
plate to a parallel-plane transparent plate of a different 
thickness or index of refraction Which reduces or 
eliminates chromatic aberration When the projector lens 
is exchanged to one having a different focal length. 
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